In this study, a novel method based on floatation assistance of homogeneous liquid-liquid microextraction (FA-HLLME), combined with inductively coupled plasma-mass spectroscopy (ICP-MS) was proposed, for the determination of trace uranium in environmental water samples. As one of the miniaturized separation and extraction techniques, homogenous liquid-liquid microextraction (HLLME) has been widely applied in the field of environmental monitoring and assessment. 1,2-pyridylazo-2-naphthol (PAN) was used as the complexing agent while toluene and methanol were selected as the extraction and homogeneous solvents, respectively. The factors that influenced the extraction efficiency for uranium determination (including pH, extraction and homogeneous solvents, concentration of PAN and NaCl, extraction time) were studied statistically. Under optimum conditions (pH=7.0, 100 mL toluene, 500 mL methanol, 6.4×10
introduction
Uranium is one of the most significant radioactive heavy metals found in low levels within many different kinds of rocks, sediments, soils and waters. The average uranium concentration in soils, ground, underground waters and plant increases by processes such as mineral extractions, nuclear industries and fertilizers that are used in agriculture and contain uranium in common [1] [2] [3] . Due to its radioactive and toxic potential (oncogenic potential to human), uranium is considered an environmental pollutant and plays an important role in our daily life. The world Health Organization (WHO) suggests 0.015 mg L -1 as the safe concentration of uranium in drinking water 4, 5) . Thus, the use of very precise methods for the pre-concentration and determination of uranium in water samples is of great necessity. Different processes have been recommended for the separation and pre-concentration of low concentration of uranyl ions 6 ).
These methods, include the immersion and adsorption on porous materials or materials with large adsorption cross sections (active carbon membrane and ash), supercritical fluid extraction, electro-synthetic techniques (electron flow or electro-osmosis), using microorganisms as biosorbent (bacteria, fungus, yeasts, algaes), soil pollution (use of absorbent plants for the removal of toxic compounds from water), cloud point micro extraction, homogeneous liquid-liquid micro extraction, etc., to mention a few. In addition, many other techniques, such as ICP-MS 7) , voltammetry 8, 9) , active neutron analysis 10) , fluorescence 11, 12) are useful in the determination and analysis of this element. There has been a small revolution in Inductively Coupled Plasma (ICP) in the past 40 years, leading to the development and variability of this technique. ICP-MS is one of the most significant analytical techniques used for the determination of concentration of elements, especially at trace and ultra-trace concentration. For environmental samples features such as very high sensitivity, low detection limit and also analyzing very low sample quantities make the technique attractive 13) . ICP-MS is applied the quantitative measurement of 1-10 ng L -1 analytes. This technique exhibits more sensitivity of in the direct determination of elements is better than other techniques. The use of this technique makes the analysis of non-metal elements with very good sensitivity, possible, thus, ICP-MS is an effective analytical tool for the measurement of very low concentrations. Some other advantages include high linear dynamic range, high precision and accuracy in measurement, and minimum interferences.
ICP-MS is a widespread technique that has attracted much attention in the measurement of uranium 14) , although, little difficulty is experienced in the direct analysis of environmental samples (water) under the special condition, due to the very low concentration of uranium in the presence of interfering ions. One way to overcome this is to dissolve the samples in order to preconcentrate samples and analyzes those using different analytical instruments. The process of pre-concentration includes a set of different processes used to the increase the ratio of the determinate element to the other dissolved elements. This leads to a promotion in the analytical detection limit, sensitivity and accuracy. This present research utilized the pre-concentration of uranium, based on homogenous liquid-liquid micro extraction.
Up till date, different extractions methods, such solid phase extraction, supercritical fluid extraction, salting-out extraction, liquid-liquid extraction, etc. have been applied, using the effective instruments. Liquid-liquid extraction (LLE) aids in the selective transfer of one or more solute(s) from a liquid phase (usually water) to another immiscible liquid (usually organic phase), and is known as the most common method for the extraction and preparation of environmental samples. In spite of some features, such as appropriate sensitivity and effectiveness, LLE have some disadvantages, such as the high volume use of organic solvent and samples, emulsion formation, time-consuming process, etc. Therefore, the liquid phase micro extraction, which is the miniaturized form of liquid-liquid extraction, is used. In this method, the consumption of extraction solvent has been reduced to microliters.
Some liquid phase micro extraction techniques include single drop microextraction (SDME) 15) , dispersive liquid-liquid microextraction (DLLME) 16) , cloud point extraction (CPE) 17) , hollow-fiber microextraction (HF-LPME) 18) , solidified floating organic drop microextraction (SFODME) 19) and homogeneous liquid-liquid microextraction. The homogeneous liquidliquid micro extraction was used for the first time by Moretta et. al., in 1973 for the extraction of Fe(II) as a complex 20) . Nowadays, this method has found widespread application in extracting different compounds and elements, and satisfactory results have been recorded. Flotation-assisted homogeneous liquidliquid microextraction which was introduced in 2012 has been applied for the extraction and pre-concentration of polycyclic aromatic compounds (PAC) in soil and water samples 21, 22) . This extraction method has some advantages such as simplicity, rapidness, low cost, high recovery and high enrichment factor.
In this paper, the pre-concentration and extraction of low concentration of uranium, using a special extraction cell and analysis of samples using, ICP-MS technique, is addressed. The proposed method was successfully applied for the determination of uranium in different water samples.
experimental materials and reagents
A standard solution of 1000 mg L -1 uranium was purchased in nitrate form and working solutions were prepared at the concentration levels of interest by ultra-pure water. PAN ( Fig. 1) , purchased from Merck was also applied as chelating agent. The extraction solvents such as n-heptane, hexane, toluene, 1-dodecanol, homogenous solvents such as methanol, ethanol, acetone, acetonitrile, tetrahydrofuran, nitric acid, NaCl and NaOH were purchased from Merck. Nitric acid and NaOH were used for the adjustment of the pH. The detection system used for determination of uranium was performed in a Perkin-Elmer Sciex ELAN 9000 model. The instrumental operating conditions for the determination of thorium are summarized in Table 1 . The pH was determined with a model 780 Metrohm pH-meter with combined glasscalomel electrode.
Flotation-assisted homogeneous liquid-liquid microextraction (Fahllme)
At first, about 1 mL methanol (homogenous solvent) was transferred to a small beaker and about 120 µL toluene (extraction solvent) was added. The two solvents were gently mixed and injected into the extraction cell by a syringe 23, 24) . Fig. 2 shows the schematic procedure of the proposed method. Then, 1.5 mol L -1 NaCl was prepared as a salting-out agent. The organic phase which was selected lighter than the aqueous phase was placed on the surface of the extraction cell. Then, 0.1 mg L -1 uranium solution was prepared from 1000 mg L -1 standard solution by serial dilution and 50 µL of this solution was transferred into the saline solution. The uranium solution concentration increased to 50 ng L -1 in the 100 mL beaker was due to the limit of quantification (LOQ) associated with ICP-MS analysis (about 20 ng L -1 ). Shortly following this, the pH of the provided solution was adjusted to 7.0 by adding NaOH due to the better reaction of PAN as a chelating agent. Finally, 22 mL of this solution was collected based on the volume of the reaction cell and transferred into a small beaker. Then, 50 µL PAN (0.01 mol L -1 ) was added. The solution was collected by a syringe and injected into the reaction cell. The injecting of water via a large syringe resulted in mixing of water and air in a ratio of half to half giving rise to good aeration. The extracted sample was placed on the surface of mixture and collected by a micro-syringe. The sample volume was measured and transferred into a 1 mL falcon tube. The organic solvent was allowed to evaporate for a few minutes. Shortly, 0.5 mL nitric acid at a concentration of 0.5 mol L -1 was added. Finally, the sample was injected into ICP-MS for subsequent analysis.
preparation of real samples prior to Fa-hllme
The accuracy of this method was validated using different water samples for analysis. The samples were collected from different cities in order to determine uranium concentrations in samples of tap, well, river and spring water. All water samples were filtered through a 0.45 µm filter prior to preconcentration. Then, the pH of samples was adjusted to 2 and stored at 4 °C until they could be analyzed.
results and discussion
In order to obtain the optimum condition for the microextraction and determination of uranium in water samples, the effect of parameters such as pH, concentration of PAN, type and volume of extraction and homogeneous solvents, and the required time were investigated. The results were reported based on the ratio of recovery percentage to the factor of interest.
effect of type and volume extraction solvent
The selection of extraction solvents is of great significance and their densities should be less than that of water. Based on these features, four solvents including n-hexane, heptane, toluene, 1-dodecanol were selected. The results obtained showed that toluene demonstrated the highest recovery compared to the other solvents. It should be noted that the recovery percentage was calculated by the average of 3 times results which were obtained by the analysis of each sample. Fig. 3 shows the recovery according to the type of extraction solvents. The selection of an extraction solvent is followed by an optimization of its volume. Therefore, the effects of toluene volume were investigated in a range of 80 to 180 µL. As shown by the results in Fig. 4 , toluene, with a volume of 120 µL had the best recovery for extraction of uranium. 
effect of ph
The separation and preconcentration of metal ions by FA-HLLME is based on the formation of a complex with sufficient hydrophobicity that can be extracted into small volume of toluene. Thus the pH of aqueous phase has a unique role in the extraction method as it affects the metal-chelate formation and its subsequent extraction. The extraction of uranium was studied in the pH range of 2.0-12.0 using nitric acid and sodium hydroxide solution and other variables were kept constant. The results shown in Fig. 7 demonstrated that the recovery of extractions was pH dependent. 
effect of type and volume of homogeneous solvent
The homogeneous solvent should be miscible in both organic (extraction solvent) and liquid (sample solution) phase. The type of homogeneous solvent should be effective on the homogenization of injection phase, stability of homogeneous solution and extraction recovery. In this work, different solvents such as acetone, acetonitrile, ethanol and methanol were examined. The results showed that the recoveries of different extractions using various homogeneous solvents were different and the best result was obtained with methanol (Fig. 5) . The effect of methanol volume was investigated in a range of 0.5 to 2.0 mL. The obtained results showed that 0.5 mL methanol had the best recovery for extraction and determination (Fig. 6) . It is necessary to refer at this point, that volumes smaller than 0.5 mL have no effect on extraction. 7 showed that, there was a significant increase in the extraction recovery from pH 2.0 to 7.0, in which the maximum amounts of complexes were formed and then the progressive decrease in extraction of uranium at pH<7.0 might be due to the competition of proton with the analyte for reaction with PAN, also there was decrease in the recovery at pH larger than 7.0 that might be due to the hydrolysis of the uranium ions. Therefore, a pH of 7.0 was selected as the optimum pH for subsequent work 25) .
effect of pan concentration
The effect of concentration of PAN reagent at complexation and extraction were investigated. An appropriate amount of PAN should be carefully selected and used to ensure the effective complexation of all metal ions and to obtain a high recovery. The effect of PAN concentration from 5.0×10 -6 to 5.5×10 -5 mol L -1 on recovery was studied, and the results are shown in Fig. 8 . As shown in the results in Fig. 8 , the best PAN concentration was 6.4×10 -5 mol L -1 in this study. It is necessary at this point to explain that PAN is a reactant which can form complex with a large number of metals. However, ICP-MS method overcame this problem due to its high selectivity. Fig. 8 . Effect of concentration of PAN at optimum condition (pH=7, 120 mL toluene, 0.5 mL methanol, 1.5 mol L -1 of NaCl and extraction time 1 min).
effect of salt addition
Salt addition on the water sample may have several different effects on the extraction (salting-out, salting-in or no effect). The influence of ionic strength of the aqueous solutions on the extraction efficiency was evaluated by changing the concentration of NaCl from 0.5 to 5.0 mol L -1 . By increasing the NaCl concentration up to 1.5 mol L -1 , the extraction efficiency of the analyte increased because of salting-out effect. By using the salt with the amounts higher than 1.5 mol L -1 extractions, the efficiency decreased. Thus, 1.5 mol L -1
of NaCl was used in subsequent studies.
effect of extraction time
In HLLME, the extraction time is defined as the interval between the injections of the extraction mixture into solvents and flotation. In this work, the effect of extraction time in the range of 0 to 20 min was investigated under the same condition of other parameters. The results showed that, the extraction time demonstrated no remarkable effect on the procedure. Following the aeration procedure, the surface contact area between the liquid and extraction phase increased and the transfer of analyte from liquid phase (sample) into the extraction solvent rapidly occurred. Due to the very short extraction time, the equilibrium time occurred at a faster rate. The short extraction time is one aspect of HLLME. Therefore, the extraction time of 1 min was considered.
interferences
In this work, the interfering effect of different ions; for example, 21 cations and anions were investigated on the extraction procedure of uranium under the optimal condition. The results of water samples showed that the interferences demonstrated no significant effect on extracting and determining uranium in the presence of the aforementioned ions (Table 2 ). of NaCl and extraction time 1 min).
Calibration and figure of merits
The calibration curve under the optimized conditions for uranium was obtained between 1.0-500.0 ng L -1 with a proper correlation coefficient of R 2 =0.9991 for Y=0.0107+0.3346X calibration equation. The preconcentration factor (PF) of 500 and enrichment factor (EF) (calculated from the ratio of the slopes of the calibration curves obtained with and without pre-concentration) of 360 for uranium was determined, respectively. Precision, accuracy and repeatability were evaluated by intra-day and inter-day analyses. The intraday precision was determined by performing five replicates extraction and determination of the analyte ions during a day. The inter-day precision was achieved by five replicates at five subsequent days. Intra-day and intra-day precision were found to be 1.13 and 1.38%, respectively. Finally, limit of detections (LOD) based on 3S b /m (where S b is the standard deviation of the blank signals and m is the slope of the calibration curve after extraction) was calculated as, 0.27 ng L -1 for the determination of uranium. Table 3 shows the comparison of this work with different reported methods for determining uranium. As can be seen, this method has a wide linear dynamic range, good detection limit, and high preconcentration factor, making it suitable for the trace analysis of uranium with better or comparable precision as those presented by other methods. 
real samples
In order to measure uranium in real samples under optimal conditions, the extraction was performed 3 times without adding element and 3 times by adding 50 ng mL -1 uranium. Then, the recovery percentage of the real samples was collected from different water sources such as tap, qanat, river and spring water. The analyzed results for different water samples are presented in Table 4 which shows the efficiency of this method for uranium determination in water samples. 
conclusion
In this study, a novel sensitive FA-HLLME for preconcentration of uranium in different water samples is proposed as prior step to their determination by ICP-MS. This method is simple, rapid, sensitive and cheap and has low toxicity, since only very small amounts of solvents are used instead of large organic solvents. This technique was successfully applied for microextraction of uranium with a recovery of 96.3 to 100.0% in real water samples such as seas, rivers, springs, qanat and drinking water. The advantage and novelty of this study is for coupling FA-HLLME with ICP-MS technique, therefore figure of merits were improved. Using this proposed method, the measurement of uranium with limit of detection of 0.27 ng L -1 was permitted, and without using this microextraction method, low LOD was not achieved. By ICP-MS microsampling technique, the consumption of the extractant phase was minimized and the enrichment factor of the microextraction technique was improved. The proposed method has good repeatability and reproducibility with low LODs, a high preconcentration factor and a wide linear range.
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